Abstract The phenomenon of human migration is certainly not new and it has been studied from a variety of perspectives. Yet, the attention on human migration and its determinant has not been fading over time as confirmed by recent contributions (see for instance Cushing and Poot 2004 and Rebhun and Raveh 2006) . In this paper we combine the recent theoretical contributions by Douglas (1997) and Wall (2001) with the methodological advancements of Guimarães et al. (2000 Guimarães et al. ( , 2003 to model inter-municipal migration flows in the Barcelona area. In order to do that, we employ two different types of count models, i.e. the Poisson and negative binomial and compare the estimations obtained. Our results show that, even after controlling for the traditional migration factors, QoL (measured with a Composite Index which includes numerous aspects and also using a list of individual variables) is an important determinant of short distance migration movements in the Barcelona area.
Introduction
The phenomenon of human migration is certainly not new and it has been studied from a variety of perspectives.determinant has not faded over time as confirmed by recent contributions (e.g. Cushing and Poot 2004; Rebhun and Raveh 2006) . So, why do people move from one place to another? Freely mobile voter-consumers decide where to live based on their evaluation of the overall quality of life (from now on referred to as QoL) offered by different locations. In other words, as Tiebout (1956) pointed out, they "vote with their feet". What it is still not clear, however, is what the most important component of QoL is in the decision to migrate.
Two distinct approaches have been 'battling' over the years on this point. On one side, in keeping with the pioneering work performed by Hicks (1932) , the "disequilibrium" model of migration (e.g. Greenwood 1975 Greenwood , 1985 Greenwood et al. 1991; Evans 1990 Evans , 1993 assumes that migration is a "function of spatial differentials in economic opportunities" (Hunt 1993) . Migration is mainly seen as a "by product" of employment search. Wages and unemployment rates differ among regions and people react to these regional differences by migrating to areas where wages are higher, and unemployment lower. The migration process is a means to restore equilibrium over space. The flow of people from low-wage to high-wage regions is accompanied by a flow of capital (if wages and the marginal productivity of capital are inversely correlated) in the opposite direction so that eventually the interregional market equilibrium is restored. Interregional migration flows are expected to slow down over time as we approach the equilibrium.
Although the disequilibrium model seemed to conform to common-sense, two problems became apparent over time. Firstly, the empirical studies linked to them found an "embarrassing number of unhypothesized signs, with people migrating in large numbers to areas of low income and to high-unemployment destinations" (Knapp and Graves 1989) . Secondly, while the model predicted convergence among areas, disparities remained quite persistent casting doubt on the role of migration movements as 're-equilibrating' mechanism. To reply to these critiscisms, the supporters of the disequilibrium approach (e.g. Evans 1990 ) pointed out that the presence of short-term 'rigidities' in the supply of land and housing makes migration flows too slow and weak to eliminate inter-regional wage and unemployment differentials (e.g. Blackaby and Manning 1990a, b; Hughes and McCormick 1987; Bover et al. 1989 for the case of the UK) and, as such, although regional economies are indeed moving towards the equilibrium there are considerable lags in this process. These lags are shorter for young highly-skilled migrants 2 but longer for older less skilled workers. A similar point was raised by Straszheim (1975) who emphasised that the house market is very slow in responding to changes in economic conditions, due to the existence of heterogeneity, a very segmented demand and a fixed short run land supply. As a consequence, the housing market is never fully adjusted, but rather somewhere on the dynamic path towards equilibrium (see Watkins 2001) .
The alternative approach, also known as "equilibrium" model of migration, mainly stemmed from the work by Graves and his followers in the 1980s (e.g. Graves 1980 Graves , 1983 Knapp and Graves 1989; Althaus 1989, 1993; Ferguson et al. 2007 ). The basic idea behind the equilibrium approach is that locations differ not only with respect to labour market conditions, but also, and maybe most importantly, with respect to non-tradable location-specific goods (or 'amenities'). As such, differences in wages are partly "compensating" in nature in the sense that people are paid more because their jobs are located in places with a generally lower level of amenities or "quality of life". The value of amenities is also capitalised in house rents and prices although the extent to which this capitalisation occurs is also source of debate. If house rents/prices capitalise QoL differentials perfectly, then spatial equilibrium can be assumed and migration should be either inexistent or, at most, negligible as moving would neither improve household utility nor reduce firm costs (Rosen 1974 (Rosen , 1979 . Estimating wage income and housing expenditures as function of amenities is often used to estimate quality-of-life levels (Blomquist et al. 1988; Gyourko and Tracy 1991; Stover and Leven 1992; Gabriel et al. 2003 , Berger et al. 2008 ).
Our view is that the disequilibrium and equilibrium approaches are not irreconcilable. Even if society is moving towards interregional equilibrium (as the disequilibrium theory argues), the adjustment to localised QoL factors is very slow. Hence, when studying migration flows it is important to consider these factors alongside the more traditional economic variables such as employment opportunities, income and wage levels.
The aim of our paper is twofold. Firstly, we want to study the determinants of inter-municipal migration in the Barcelona area and assess whether QoL is important in redistributing the population across different locations. Secondly, we test whether our results change significantly when we use different 'measures' of QoL. As Wish (1986) pointed out, one of the crucial features of QoL is its multidimensionality, which, in turn, makes it very difficult to properly measure it. While some authors (Liu 1978) prefer more aggregated indicators to summarise QoL, others (Gyourko et al. 1999; Becker et al. 1987 ) are sceptical of composite measures and prefer a set of individual variables. It is difficult, a priori, to determine which approach should be preferred as they both have obvious advantages and disadvantages. We, therefore, compare and contrast the results of our model when we measure QoL at three different levels of aggregation: one aggregated single indicator, three components and a list of disaggregated individual variables.
Theoretical Framework
Our theoretical model follows from the work of Douglas and Wall (1993) , Douglas (1997) , Wall (2001) and Guimarães et al. (2000 Guimarães et al. ( , 2003 . Wall (2001) and Douglas (1997) developed a theoretical model in which each individual decides whether to move to another location by comparing the utility of the current location (origin) to that of an alternative location (destination). The utility of the i-th location for the k-th individual can be formally expressed as:
where the total utility U includes a deterministic part u, 'common' to all individuals (i.e. on which there is 'consensus' among people) and a stochastic part " k i (with expected value equal to zero by assumption) which reflects individual idiosyncratic tastes. The 'common' part u is, in turn, function of a vector of amenities (A i ), a vector of economic variables (E i ). Let us assume each individual, k, can freely migrate from location i (origin) to location j (destination). If the individual decides to migrate to j, then we define the variable M k ij being equal to 1 (0 otherwise). The probability that a randomly selected resident of i migrates to j can be expressed as a function of the difference in utility between the destination and the origin, the moving costs (C ij ), and the utility differentials between j and the all the other possible r alternative locations.
By defining D k ji as being equal to the difference in the expected values of the idiosyncratic components associated to two alternative locations for individual k, i.e.
and assuming a linear functional form, we can re-write Eq. 2 as:
The probability of moving from i to j is strictly increasing in the 'common' part of utility of location j and strictly decreasing in the 'common' part of utility associated with location i and moving costs. 4 The estimation of Eq. 3 is problematic for two reasons. Firstly, it is at an 'individual' level, while most migration statistics are at a more 'aggregate' level (such as regions, municipalities etc.). And secondly, we need appropriate 'aggregation procedures' across locations belonging to the same region (or municipality in our case) to make results robust and consistent. As there is no information on intra-municipality location differences, Wall (2001) recognises the need to assume that the basic 'common' part of the utility is similar across all different locations within the same region j, so that only individual-specific evaluations (the idiosyncratic part of utility) differ. In our specific case this means that the number of migrants from location i belonging to municipality A to location j belonging to municipality B, M ij , can be re-written as:
3 Following Wall (2001) any individual-specific cost of moving is included in the idiosyncratic term. 4 Equations 2 and 3 imply that if a location (let us call it l) is getting worse, there will be an increase in the probability of moving from i to j, not because of an increase in the 'absolute' utility associated with location j, but rather the 'relative' increase in utility of this location compared to l.
Where L j is the size location j (measured either in terms of population or housing opportunities), and P i is the population of the origin i. Wall (2001) demonstrates that, if P i is large enough, Eq. 4 approaches:
Rearranging the terms this is equivalent to:
where m ij can be interpreted as an index of "migration opportunities" that the residents in i have across the locations in area j. The second problem with estimating Eq. 3 relates to the fact that it includes all the possible alternative locations (different from the origin and the destination). The first problem is normally solved by using net migration flows (see Douglas 1997; Wall 2001 ) instead of gross migration flows with the assumption that this is an acceptable linear approximation of Eq. 3 where β is negligible. Guimarães et al. (2000 Guimarães et al. ( , 2003 propose using a discrete choice model as a starting point instead of the traditional linear OLS. They show that the number of choices in a conditional logit is equal to the number of observations in a Poisson regression, so that, under certain conditions, estimating a model for individuals where every person can migrate to a number of municipalities is equivalent to estimating a model which simply counts how many people migrate to each municipality. The second approach is much easier to implement econometrically.
As a Poisson variable is equal to a very large sum of very small probabilities, Eq. 2 can be re-written as:
where Y ij is a random Poisson distributed variable with parameter μ ij defined as:
In Eq. 8, similarly to Eq. 3, migration flows between i and j increase with an increase in 'common' utility differentials between destination and origin (in turn dependent upon amenities and economic variables), a decrease in moving costs and an increase in "migration opportunities" (in turn function of the size of the origin and the amount of locations in the municipality chosen as destination).
One of the main problems of the Poisson distribution is that it assumes the equality between mean and variance (equidispersion) or analytically:
where x i is the vector of explanatory variables. This can be a problem as it does not fit most real data. Very often data shows overdispersion, i.e. a variance (spread of data) well above the value of the mean (central tendency). In other words, values in the tails (either very high or very low) are more common than what predicted by the Poisson theoretical distribution. As such, the conventional Poisson mean-variance restriction may produce seriously biased parameter estimates (see Cameron and Trivedi 1998; Wang et al. 1996) .
One alternative is to use mixture models. These models explicitly model heterogeneity among observations by adding an extra parameter, which is a function of unobserved heterogeneity. In other words the mean in Eq. 9 is replaced by:
The negative binomial model is a specific case of mixture models in which exp(ε i ) is supposed to be drawn from a gamma distribution so that the probability density is:
where Γ indicates the standard gamma function and a determines the degree of dispersion in the predictions (the larger α, the more spread are the data). If α = 0, the binomial negative model reduces to the Poisson regression model.
Case Study
The empirical analysis focuses on the province of Barcelona, which is one of the four provinces of the Catalonia region. Catalonia, 5 located in the North-East of the country, is one of Spain's most developed regions and it is divided into four administrative provinces (NUTS III) of which Barcelona is the most densely populated one (with 76% of the region's total inhabitants, i.e. 4,628,277 in 1996) . Together with Madrid, Barcelona is Spain's most populated and urbanised province. Barcelona itself is, in turn, subdivided into 314 municipalities (NUTS V classification), which are the basic unit of analysis in our study. The province includes, in hierarchical order: 11 administrative groups, called "comarcas", 24 urban systems, 48 urban subsystems 6 and, of course, the mentioned 314 municipalities.
It is important to notice that a substantial part of the total population of Barcelona is concentrated in a small number of areas: 7 33% of the total population of the province lives in the city of Barcelona itself.
8 Urban areas are mainly concentrated in the outskirts of the city of Barcelona, while more rural areas are located further away (as it is the case for most European cities). 9 5 NUTS II in the European administrative classification. 6 These systems and subsystems are defined in Artís et al. (1999) . These territorial aggregations were developed using two main criteria: commuting patterns and types of services available. 7 The Gini index for the distribution of population in the different areas of the Barcelona province is equal to 0.54 confirming the fact that the population is highly concentrated in few areas. 8 Data of 1996. 9 In Muñiz et al. (2003) the Barcelona area has been defined as a Mediterranean polycentric city, where polycentricity comes from the large urban centre expanded its commuting area, incorporating medium sized cities that had previously been self-sufficient.
Our dependent variable is the number of migration movements between pairs of municipalities. 10 The data comes from Estadística de Variaciones Residenciales published by the Spanish National Statistical Institute (INE) in collaboration with the Catalan Statistical Institute (Idescat). It covers the 13-year period from 1991 to 2003. In this period the Barcelona region has experienced a strong suburbanization process (see Dura-Guimerà 2003), but we still decided to consider the whole available period to avoid short-run distortions. This approach has been followed in the past by other authors, such as Jones (2002), while other researchers pointed out that shorter periods might be preferable.
11
Our final matrix of inter-municipal movements includes 98,596 cells (314×314 municipalities). Excluding the diagonal (which represents people staying in the same municipality, for which we have no data), the final number of cells considered is 98,282. Following a very common empirical strategy in economics (see for instance Baumol 1986 for convergence equations) and in order to avoid endogeneity issues, the explanatory variables refer to the initial 'base' year, i.e. 1991.
Empirical Model and Data
The first step to operationalise the theoretical framework into a workable empirical model is to specify the 'common' part of the utility function (u). This implies both identifying the relevant economic variables and a measure of "amenities" (or QoL). There has been a plethora of definitions of QoL, some emphasising more objective components (Glaeser et al. 2001, Cheshire and Magrini 2006 among others) , some highlighting the need to consider subjective factors (Chiappero Martinetti 2000) 12 . For the purposes of our analysis we follow the definition of Diener (2006) 13 where the emphasis is more on external components 14 rather than subjective well-being: "Quality of life usually refers to the degree to which a person's life is desirable versus undesirable, often with an emphasis on external components, such as environmental factors and income" (p. 401).
To measure QoL in practical terms, we follow the work by Royuela et al. (2003) where a Composite Quality of Life Index (CQLI) for the area of Barcelona was created. The composite index summarised 59 different variables organised into 17 'basic dimensions', which, in turn, were grouped into 3 main 'components' (see Table 1 ). The final index and the three main components are computed using a weighted arithmetic average of partial indicators that expresses the relative standardised position of every municipality after considering the variance of all variables, with a Paasche-type temporal aggregation. The index is built using equal weights for every dimension and component. The database refers to the 1991 period. 10 In our analysis we have no information regarding individual characteristics. 11 O'Sullivan et al. (2004) for instance proposes a 5-year period. 12 For a review of this literature see for instance Lambiri et al. (2007) . 13 This definition is in line with the work of Smith (1977) and Liu (1978) , and also with other definitions of QoL from a more economic perspective (Mulligan et al, 2004) . 14 This definition is better suited to the study of local contexts such as small cities or municipalities. Royuela et al. (2003) In our analysis, we use three different alternative measures of QoL: a composite index, three main 'components', and a selected list of variables. The three 'components' are:
1. Individual Opportunities for Progress (IOP): this includes individual characteristics of people living in the municipality such as wealth (WI), labour (LI), educational level (ELI), health level (DI) and mobility possibilities (MOTI). 2. Index of Social Equilibrium (ISE): this summarises 'social inequalities' in the area and includes gender inequality (SII), housing access (HAI), commuting (OCI), congestion (CONGI) and services for old people (SOASI). 3. Community Conditions of Life (CCL): this covers basic goods and services such as housing characteristics (HC), public transportation (PTI), education (EFI) and health (HFI) services, environment (CEI), culture (CFMMI), and local taxes (MFSI).
The list of the individual variables selected is shown in Table 2 . Moving costs are computed as travel time (off-peak) between origin and destination (D ij ). Populations of both origins and destinations (POP i and POP j respectively) are included as 'scale' variables (both in logarithmic terms) in the traditional 'gravity models' fashion (see Isard 1975; Isard et al. 1998; Haynes and Fotheringham 1984) . We also include proxies for the hierarchical position (à la Christaller 1933) of each municipality in the more complex urban system. We use two dummy variables to show whether a municipality is head of a urban system (SYS) 15 or sub-system (SUB). Descriptive statistics of the variables used in the modelling process are summarised in Table 3 .
Since as our focus is mainly on 'migration rates', we include a set of explanatory variables measured as differences between the value of the destination municipality j and the origin municipality i X ji ¼ X j À X i À Á . These are: the difference in QoL measured either using the Composite Quality of Life Indicator (Model 1), the three sub-components IOP, ISE and CCL described above (Model 2), or the list of individual variables (Model 3); and the number of telephones lines per 1,000 inhabitants (TEL) as a proxy for 'network externalities', as in Capello and Camagni (2000) and Royuela and Suriñach (2005) 16 : Hence, the final form of Model 1 is:
Model 2 is:
15 A municipality is head of an urban system if it is the commuting centre of an area, has a sufficient amounts of education and health facilities, and is bigger than certain size threshold (as defined in Artís et al., 1999) . 16 The network city paradigm Camagni and Di Blasio 1993) helps explain why small and/ or medium-sized cities may have higher-order functions.
And Model 3 is:
Estimation Results and Discussion
Tables 4 and 5 present the results of Model 1 (Eq. 11), Model 2 (Eq. 12) and Model 3 (Eq. 13), where different QoL measures were employed. All tables compare results from both a simple Poisson regression and a Negative Binomial model. The estimated coefficients of each explanatory variable, the related standard error, and the estimated percentage point change in the dependent variable M ij for one standard deviation increase in each of the explanatory variable 17 are reported. Despite the results of the Poisson and negative binomial models being very similar, the negative binomial model performs generally better than the Poisson, as shown by the higher pseudo-R 2 value and lower Akaike, Schwarz and Hannan-Quin criteria, plus the positive and significant mixture parameter (which shows that the data are in fact overdispersed). We will, therefore, focus on the results of the negative binomial.
As expected, in all models the traditional gravitational model variables (i.e. population and distance) have the greatest influence on net migration flows. Both population variables (POP i and POP j ) affect migration positively. The effect of 17 In a linear regression, y ¼ a þ bx, the usual estimation of b is: b ¼ COVAR x; y ð Þ=VAR y ð Þ. As in the Poisson and negative binomial regressions the endogenous variable is the log of the count variable, the %StdX coefficient is a transformation of the coefficient: %StdX ¼ b » S x ð Þ. Table 2 for variable definition). The interpretation of the Poisson regression coefficients is as follows: they represent the change in the difference in the logs of expected counts for a one unit change in the explanatory variable, holding the other predictors constant. The '%StdX' column is the % increase in the dependent variable when the independent variable increases by a standard deviation origin and destination populations is quite similar (in percentage terms), and this is particularly true in the negative binomial model. Distance between origin and destination (D ij ) has a negative impact on the number of migrants, and this impact is the highest in terms of percentage point change for a standard deviation. The dummy variables SYS i and SUB i are positive and significant, which confirms the importance of being hierarchical 'superior' in the metropolitan urban structure. Network externalities, measured by telephone lines, also have a positive and Table 2 for variable definition). The interpretation of the Poisson regression coefficients is as follows: they represent the change in the difference in the logs of expected counts for a one unit change in the explanatory variable, holding the other predictors constant. The '%StdX' column is the % increase in the dependent variable when the independent variable increases by a standard deviation significant coefficient in line with expectation and with previous research work (see for instance Royuela et al. 2010 who find that network externalities play an important role in the process of growth of municipalities in the Barcelona province). The results on QoL factors are also in line with expectations. In Model 1 QoL was proxied by a single composite index (CQLI). Its estimated coefficient is positive and significant, i.e. a higher composite index of quality of life significantly increases inter-municipality migration (increasing the CQLI by one standard deviation, increases migration by 8.8%).
Results of Model 2, where we used the three sub-components of the CQLI, are more mixed. The Index of Social Equilibrium (ISE) becomes more important in percentage terms (9.4%), while the other two components become statistically insignificant. It seems therefore that having a better position in the social aspect of the neighbourhoods (congestion, inequalities, or subsidized houses, among other variables) is more important than having rich and educated people (the Individual Opportunities for Progress, IOP, index) or having more Educational, Health or Cultural Services (Community Conditions of Life, CCL, index).
Finally, Model 3 includes a list of key QoL individual variables (see Table 2 ) without any ad-hoc mixture. Results are presented in Table 5 . Including 12 individual variables increases notably the goodness of fit. In terms of sign, most of the results are as expected with five variables having positive and significant coefficients, six variables being non significant and only one variable (Air quality) being non 'wellbehaved', i.e. having a significant but negative estimated coefficient.
The variables influencing migration flows positively are: sports facilities (20.2%), public transportation (12.1%), culture facilities (4.6%), lower congestion (4.5%) and education facilities (3.3%). On the contrary, better air quality (−2.8%) does not positively affect migration. One of the reason might be that worse air quality is associated with higher agglomeration economies (in turn linked to job creation) which might be off-setting the air quality effect.
As for the variables with non significant coefficients, this does not necessarily mean that they play no role for movers. As we are considering inter-municipal moves, the territorial distribution of some of these key QoL variables might be relatively homogenous over the territory and this would reduce their significance as key variable for moving decisions. One example of variable which is relatively homogenous over the Barcelona metropolitan area is health facilities, which, in fact have a non significant coefficient.
Conclusions
Combining the theoretical approach by Douglas (1997) and Wall (2001) and the methodological advancements by Guimarães et al. (2000 Guimarães et al. ( , 2003 we studied the determinants of migration flows between municipalities in the Barcelona metropolitan area for the period 1991-2003 with a particular emphasis on quality of life (QoL) factors. We found that migration flows are clearly influenced by QoL, The current confirms previous analysis developed under different perspectives, what is a prove of the robustness of our results. It implies, for whatever reason, that the spatial equilibrium of the housing markets does not compensate QoL differentials between locations. Besides, QoL matters irrespective if we measure it via a single composite indicator (CQLI) or with more disaggregated variables.
While QoL indices have been dismissed in the past as not being particularly useful, our results show that a single composite index, if well constructed, can be used to proxy QoL differentials among different localities, as it gives results in line with the use of more disaggregated QoL variables. Nevertheless, individual variables can be used to 'fine tune' the results and better identify which particular aspects of QoL play a more vital role in a particular territorial context.
In the case of the Barcelona metropolitan area, for instance, the most significant individual QoL variables are sport, culture, and education facilities, good public transport and lower congestion. Other QoL variables are insignificant, which could be related to the relative territorial homogeneity of these facilities over the Barcelona metropolitan area.
Also, from a more technical point of view, count models are a useful alternative to OLS based on individual observations to study inter-municipal movements. In the case of Barcelona, the clear presence of overdispersion meant that the negative binomial model was preferred to a simple Poisson. The phenomenon of overdispersion is often overlooked in empirical work, but it does constitute the rule rather than the exception when dealing with most real world data and hence should always be controlled for to avoid biases in the results.
From a policy perspective, we believe our paper shows that migration regressions should not be completely dismissed quite as yet, because they can provide useful information on what determine inter-provincial migration and ultimately population distribution in a metropolitan area. Moreover, identifying what QoL factors seem to be more heterogenously distributed over space (and hence influence migration movements more) might help planning for a better future provision of facilities in certain areas.
As we only used objective measures of QoL in this paper, one of our future research directions will be to include more subjective measurements of satisfaction especially related to housing, facilities and the local environment (as suggested by Stimson et al. 2010) . We would also like to define the local environment more broadly to include the role of neighbouring areas, and also to differentiate between short, medium and long distance moves. More sophisticated spatial econometric techniques would allow us to do so in the future.
